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a b s t r a c t
Acute consumption of ethyl alcohol affects a variety of visual functions. However, there have been few
systematic attempts to investigate the neural mechanisms underlying these effects. Here, we employed
the Westheimer paradigm to investigate the hypothesis that alcohol reduces lateral inhibition within
human ‘‘perceptive ﬁelds”, the psychophysical analogue of physiological receptive ﬁelds. Westheimer
functions obtained under alcohol and no-alcohol conditions at photopic, mesopic, and scotopic levels
of adaptation showed changes consistent with an alcohol-induced decrease in lateral inhibition. We con-
clude that this decrease in lateral inhibition may be responsible for some of the changes in visual percep-
tion that result from alcohol consumption.
 2008 Elsevier Ltd. All rights reserved.
1. Introduction
Acute alcohol consumption affects numerous visual functions.
Visual acuity (Mortimer, 1963; Wilson & Mitchell, 1983), spatial
contrast sensitivity (Pearson & Timney, 1999; Roquelaure et al.,
1995), and critical ﬂicker frequency (Pearson & Timney, 1998; Vir-
su, Kykka, & Vahvelainen, 1973) have all been shown to be detri-
mentally affected following alcohol. While these studies have
provided much descriptive information, they have not speciﬁcally
addressed the mechanisms by which alcohol might act to produce
such changes.
A candidate mechanism that may account for these ﬁndings is
an alcohol-induced reduction in lateral inhibition. A number of
physiological studies have shown that alcohol may attenuate or
abolish lateral inhibition at the retinal level. For example, MacNi-
chol and Benolken (1956) demonstrated that application of alcohol
to the excised Limulus eye completely abolished lateral inhibitory
interactions between neighbouring nerve ﬁbres. Similar results
have been obtained in both ﬁsh (Negishi & Svaetichin, 1966), and
frog (Backstrom, 1977) retinae. Here, we tested the hypothesis that
alcohol reduces lateral inhibition in human vision by investigating
its effects on a psychophysical measure mediated by lateral inhibi-
tion, the Westheimer function (Westheimer, 1967).
When a small circular target is superimposed upon a back-
ground of increasing size, the detection threshold for the target
ﬁrst increases to a maximum, decreases in an orderly fashion,
and then levels off at a steady value. The characteristic shape of
this function has been explained with reference to lateral inhibi-
tion within on-centre/off-surround receptive ﬁelds (Spillmann,
Ransom-Hogg, & Oehler, 1987; Westheimer, 1967). Initially, as
the background is increased in size, it ﬁlls progressively more of
the receptive ﬁeld centre. For an on-centre ganglion cell, this re-
sults in an increasing level of activity due to spatial summation.
As the level of activity increases, the test patch becomes progres-
sively more difﬁcult to detect, as detection is possible only if the
test ﬂash produces a level of activity over and above that generated
by the background. This ascending, or desensitisation, portion of
the function should reach a maximum when the background ﬁlls
the entire receptive ﬁeld centre, since the greatest amount of spa-
tial summation is present at this point. Thus, it is thought that the
background size representing the maximum of this function pro-
vides a good approximation of the size of the receptive ﬁeld centre
(Oehler, 1985; Westheimer, 1965). The decreasing, or sensitisation,
limb of the curve is thought to be a consequence of retinal lateral
inhibition. As the background is extended beyond the receptive
ﬁeld centre, it begins to activate the inhibitory surround. This acti-
vation acts to decrease the level of activity present within the
receptive ﬁeld centre and decreases the detection threshold for
the test patch. Thus, as the background is extended to ﬁll more
and more of the inhibitory surround, the test patch becomes pro-
gressively easier to detect. Once the background has been ex-
tended to ﬁll the entire inhibitory surround, the detection
threshold reaches a plateau, since the background can have no fur-
ther effect on the receptive ﬁeld centre once it has passed beyond
this boundary. It is therefore thought that the background size at
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which the function reaches a plateau is representative of the over-
all size of the retinal receptive ﬁeld (Enoch, Sunga, & Bachmann,
1970; Oehler, 1985; Spillmann, 1971). Support for this explanation
has been provided by electrophysiological studies in the cat (Es-
sock, Lemkuhle, Frascella, & Enoch, 1985) as well as behavioral
and anatomical studies in the monkey (Oehler, 1985; Spillmann
et al., 1987).
Studies that have systematically examined the Westheimer
function have demonstrated that shape of the function changes
depending upon the adaptation level of the participant. A number
of experiments have revealed that the sensitisation limb of the
function is progressively attenuated as the participant is dark
adapted (Westheimer, 1965; Westheimer, 1967). Indeed, Ran-
som-Hogg and Spillmann (1980) have shown that the sensitisation
limb of the function is completely absent under fully scotopic con-
ditions. This psychophysical result has been explained on the basis
of physiological ﬁndings showing that lateral inhibition is greatly
attenuated or absent under scotopic conditions (cat: Barlow, Fitz-
hugh, & Kufﬂer, 1957; rabbit: Xin & Bloomﬁeld, 1999). This may
be a result of a decrease in coupling between retinal horizontal
cells mediating surround inhibition in the dark-adapted state
(Xin & Bloomﬁeld, 1999). Thus, it may be argued that the shape
of the Westheimer function becomes less inﬂuenced by lateral
inhibition as dark adaptation proceeds from photopic to scotopic
levels.
Given that dark adaptation has been shown to reduce the con-
tribution of lateral inhibition to the shape of the Westheimer func-
tion, and the hypothesis that alcohol acts to reduce lateral
inhibition, it might be expected that the effects of alcohol on the
Westheimer function would differ at different adaptation levels.
Speciﬁcally, it would be expected that alcohol would produce the
largest effect on the function at photopic levels, where lateral inhi-
bition plays the largest role, a smaller effect at mesopic levels,
where lateral inhibition plays a smaller role, and no effect at scoto-
pic levels, where lateral inhibition is greatly reduced or absent. To
test this hypothesis, we obtained Westheimer functions from par-
ticipants under alcohol and non-alcohol conditions at photopic,
mesopic, and scotopic adaptation levels. If alcohol reduces lateral
inhibition in human vision, two characteristic changes in theWest-
heimer function should be observed in the photopic and mesopic
conditions; the slope of the sensitisation limb should decrease,
and the plateau portion should be shifted upwards. In the scotopic
condition, it was expected that no difference between the alcohol
and non-alcohol functions would be observed, since lateral inhibi-
tion plays a minimal role in the shape of this function. Since the
peak and plateau points of the function have been shown to reﬂect
the size of the perceptive ﬁeld centre and surround, respectively,
examination of the Westheimer function under these conditions
should also reveal any alcohol-induced changes in the perceptive
ﬁeld size.
2. Methods
2.1. Participants
Participants were males, ranging in age from 19 to 30, who were moderate so-
cial drinkers. There were eight in the photopic condition, and six in the mesopic and
scotopic conditions. The same participants took part in the mesopic and scotopic
conditions. Informed consent was obtained from all participants prior to their being
enrolled in the study. In addition, they were screened for a variety of exclusionary
criteria, such as family history of alcoholism, or health problems. Anyone meeting
any of these criteria was excluded.
2.2. Stimulus display
Stimuli were generated using a VSG2/3F graphics board (Cambridge Research
Systems) installed in a Windows-based PC, and were presented on a Joyce DM5 dis-
play monitor with a very fast decay, green, P15 phosphor. The fast frame rate
(200 Hz) and high maximum luminance (596 cd/m2) of this monitor allowed the
use of the very brief stimulus durations and high luminances employed in the pres-
ent study. The stimulus was viewed at a distance of 140 cm in all conditions, and
consisted of a circular background ﬁeld, on which were centred a pedestal ﬁeld
and test spot. The size of the background ﬁeld was maintained at 7. Information
regarding the speciﬁc conﬁguration of the stimuli for the three conditions is pre-
sented separately below.
2.3. Photopic condition
In this condition, the luminances of the background and pedestal were set at
0.5, and 5 cd/m2, respectively. Both the background ﬁeld and the pedestal were vis-
ible continuously. A test spot subtending 2 arc min was presented in the centre of
the inducing ﬁeld for a duration of 0.02 s. Increment thresholds were obtained at
pedestal diameters of 0, 1, 2, 4, 6, 8, 10, 20, 40, and 60 arc min. Observers viewed
the stimulus monocularly. All testing was conducted in a darkened room.
2.4. Mesopic condition
In the mesopic condition, the luminances of the background and pedestal ﬁeld
were 0.05 and 0.5 cd/m2, respectively. The diameter of the pedestal ﬁeld was varied
between 0 and 200 arc min. In this condition, the test spot subtended 4 arc min. The
test spot was increased in size from that employed in the photopic condition, be-
cause participants were unable to detect a spot of 2 min. The tested eye was dark
adapted for 30 min prior to data collection in this condition, and in the scotopic
condition, described below. All other procedures were identical to those employed
in the photopic condition.
2.5. Scotopic condition
The stimulus conﬁguration for this condition was similar to that described for
the mesopic condition, with the exception that the luminance of the background
and inducing ﬁelds were reduced to 0.005 and 0.05 cd/m2, respectively. The test
spot was increased in size to subtend a visual angle of 6 arc min. Again, this increase
in size was necessitated by the fact that participants were unable to detect the
4 min test spot employed in the mesopic condition at the scotopic adaptation level.
All other procedures were identical to those employed in the mesopic condition.
2.6. Blood alcohol measurement
Estimates of blood alcohol concentration were obtained using a standard breath
measuring device (Dräger Alcotest 7410). This device was calibrated prior to com-
mencement of the experiments.
2.7. Procedure
2.7.1. Alcohol administration
These studies employed a within-participants design in which each participant
took part in both alcohol and non-alcohol conditions on separate days. In the alco-
hol condition, participants were given a number of drinks calculated to raise their
BAC to 0.08%. Drinks consisted of a 4:1 fruit juice:vodka (40% alc/vol) mixture
and were served in a lidded cup and consumed through a straw. A drop of pepper-
mint oil was placed on the lid of the cup to mask any alcohol smell. Participants
were asked to consume these drinks within a 20 min period. Following this
20 min period, participants’ BACs were measured every 15 min using the breath
measuring device. The 15 min interval between the completion of the ﬁnal drink,
and commencement of BAC measurements was sufﬁcient to eliminate the effects
of any residual alcohol in the mouth which could inﬂuence BAC measurements.
In the photopic condition, testing commenced when participants’ BACs reached
0.06% on the rising portion of the blood alcohol curve. Following the initial
15 min interval between completion of the ﬁnal drink and the ﬁrst BAC measure-
ment, we occasionally made BAC measurements at intervals shorter than 15 min,
if participants’ BACs were particularly close to this criterion level so that we could
commence testing at a level as close to 0.06% as possible. Due to the amount of time
required to carry out the mesopic and scotopic measurements, and the fact that no
difference in thresholds was found between the rising and falling portions of the
blood alcohol curve in the photopic condition, testing was carried out on only the
rising portion of the blood alcohol curve for these conditions. The entire series of
psychophysical measurements took approximately 20 min to complete in the phot-
opic condition, and 40–50 min in the mesopic and scotopic conditions. Procedures
for obtaining these measurements are described in detail below.
2.7.2. Psychophysical measurements
All participants took part in a 30 min pre-training session prior to the experi-
ment proper. Within this session they were trained on the task in order to ensure
a stable level of performance in the rest of the experiment. Following this session,
they were scheduled to return for the two experimental sessions.
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In all conditions, participants viewed the stimulus display monocularly with
their heads resting in a combination head/chin rest. In the photopic condition,
the stimulus was viewed directly. In the mesopic and scotopic conditions, partici-
pants were instructed to ﬁxate on a dim LED ﬁxation light. With ﬁxation, the stim-
ulus was presented at an eccentricity of 6 on the temporal retina of the tested eye.
This ensured that the stimulus was presented outside the fovea and parafovea.
Detection thresholds for the test spot were measured separately for each of the ped-
estal diameters employed within each experimental condition. The order of these
conditions was randomized. To measure threshold, participants were asked to indi-
cate whether or not they had seen the test spot on a given trial by responding on a
two-button response box. The luminance of the test spot was varied depending
upon the participants’ responses using a dual random interleaved staircase proce-
dure that converged on the 70.7% detection level. A total of eight reversals were
completed for each staircase, of which the ﬁrst two were dropped from threshold
computations. Thresholds were computed as the average of the remaining twelve
reversal points (six from each of the two staircases). Following completion of all
measurements, participants were asked to remain in the care of the experimenter
until their BAC fell below 0.04%.
3. Results
3.1. Alcohol administration and blood alcohol content
Across participants, a mean of ﬁve drinks were consumed in the
alcohol condition (ranges 4–8). Peak blood alcohol level of
M = 0.084% (SD = 0.012). Testing commenced when participants
reached a BAC of 0.06% on the rising and falling portions of the
blood alcohol curve, which were attained at mean times of
22 min (SD = 4) and 52 min (SD = 8) following consumption of the
ﬁnal drink. No differences were found between detection thresh-
olds obtained on the rising and falling portions of the blood alcohol
curve. All data presented below were therefore collapsed across
this variable.
3.2. Photopic condition
Westheimer functions obtained under alcohol and non-alcohol
conditions are presented in Fig. 1. Examination of both alcohol and
non-alcohol functions reveals the typical relationship between
pedestal diameter and detection threshold obtained in other studies
of the Westheimer function. Detection thresholds for the test spot
initially increased as a function of pedestal diameter. This increase
reached a maximum at a diameter of 8 arc min. Following this peak
in threshold, a prominent sensitisation limb of the function was
observed, within which thresholds fell steadily as an increasing
function of pedestal diameter. At a pedestal diameter of 20 arc min,
thresholds reached a plateau. Increases in pedestal diameter beyond
this point had no effect on the detection threshold.
Results of a 2 (alcohol/non-alcohol)  9 (pedestal diameters) re-
peated measures ANOVA revealed that the changes in detection
threshold as a function of pedestal diameter were statistically
signiﬁcant (F(8,126) = 13.746, p < .05). The ANOVA also revealed
a signiﬁcant main effect of alcohol (F(2,7) = 9.174, p < .05), and a
non-signiﬁcant alcohol  pedestal diameter interaction (F(9,126) =
0.7061, p < .05). As can been seen in Fig. 1, alcohol increased
detection threshold at all pedestal diameters, with the greatest in-
creases occurring at pedestal diameters greater than 4 arc min.
3.3. Mesopic condition
Westheimer functions obtained at a mesopic adaptation level
under alcohol and non-alcohol conditions are presented in Fig. 2.
As in the previous experiment, a typical Westheimer function
was observed under both alcohol and non-alcohol conditions. Both
functions exhibit the typical increase in detection threshold, peak,
sensitisation, and plateau phases. In the non-alcohol condition, the
peak of the function occurred at a pedestal diameter of 20 arc min,
and the plateau of the function occurred at a diameter of 60 arc -
min. The peak of the function was shifted slightly in the alcohol
condition, occurring at a pedestal diameter of 40 arc min. No esti-
mate of the pedestal diameter corresponding to the onset of the
plateau portion of the function could be obtained due to the pro-
nounced ﬂattening of the function beyond its peak.
A 2 (alcohol/non-alcohol)  12 (pedestal diameters) repeated
measures ANOVA revealed signiﬁcant main effects of both alcohol
(F(2,5) = 8.6221, p < .05), and pedestal diameter (F(11,110) =
27.933, p < .05). A signiﬁcant alcohol  pedestal diameter interac-
tion (F(11,110) = 3.42513, p < .05) was also found. In order to
further investigate this interaction, post-hoc paired t-tests were
performed which examined the effect of alcohol at each of the
pedestal diameters tested. Detection thresholds were found to be
signiﬁcantly higher in the alcohol than non-alcohol condition at
pedestal diameters of 0 (t(5) = 2.684, p < .05), 60 (t(5) = 4.285,
p < .05), 80 (t(5) = 3.0616, p < .05), 100 (t(5) = 2.2496, p < .05), 120
(t(5) = 3.2566, p < .05), 160 (t(5) = 2.3183, p < .05), and 200
(t(5) = 2.578, p < .05) arc min.
3.4. Scotopic condition
Westheimer functions obtained for alcohol and non-alcohol
conditions obtained at a scotopic adaptation level are presented
in Fig. 3. Examination of the function reveals that the sensitisation
portion of the function is attenuated relative to the mesopic
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Fig. 1. Increment thresholds as a function of pedestal diameter for ethanol and no-
ethanol conditions under photopic viewing. Error bars depict SEM.
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Fig. 2. Increment thresholds as a function of pedestal diameter for ethanol and no-
ethanol conditions under mesopic viewing. Error bars depict SEM.
K.D. Johnston, B. Timney / Vision Research 48 (2008) 1539–1544 1541
condition. Pedestal diameters corresponding the to peak portion of
the function were identical in the alcohol and non-alcohol condi-
tions, occurring at 40 arc min. As in the alcohol function obtained
under mesopic conditions, no estimate of the pedestal diameter
corresponding to the onset of the plateau portion of the function
could be obtained, again due to the pronounced ﬂattening beyond
the peak of the function.
A 2 (alcohol/non-alcohol)  11 (pedestal diameters) repeated
measures ANOVA revealed that the effect of pedestal diameter
upon detection threshold was signiﬁcant (F(10,100) = 57.844,
p < .05). No effect of alcohol (F(2,5) = 0.877, p > .05), or alco-
hol  pedestal diameter interaction (F(10,100 = 1.00, p > .05) were
found.
4. Discussion
We examined the effects of alcohol on the Westheimer function
at photopic, mesopic and scotopic luminance levels to test the
hypothesis that alcohol decreases lateral inhibition within human
perceptive ﬁelds. We also used the Westheimer function as a
method of determining perceptive ﬁeld size under alcohol and
non-alcohol conditions in order to investigate the possibility that
alcohol may act to change the size of the perceptive ﬁeld centre
and surround.
Under photopic levels of illumination, the data show that alco-
hol increased detection thresholds at all pedestal diameters.
Although this ﬁnding would seem to be consistent with a general
increase in thresholds following alcohol, a qualitative comparison
of these results with the difference of gaussians (DoG) model
(Rodieck, 1965) reveals that such a change is indeed consistent
with a reduction in lateral inhibition. A schematic of the DoG mod-
el is presented in Fig. 4. As can be seen in the model, the receptive
ﬁeld is composed of excitatory and inhibitory components, and
convolution of these components produces the classic centre–sur-
round receptive ﬁeld (A). Note that the inhibitory component is
still active at the receptive ﬁeld centre, and tends to reduce the
centre response. (B) Theoretical arrangement that would result
from a selective reduction of the inhibitory component. Note that
in addition to the reduction in surround inhibition, the centre re-
sponse is shifted upward as a result of the decreased inhibitory re-
sponse at the receptive ﬁeld centre. This is particularly apparent in
(C), which directly compares the theoretical responses in these
‘‘normal” and ‘‘reduced inhibition” conditions. In this model there-
fore, a reduction of the inhibitory component predicts an upward
shift in detection thresholds in the desensitisation, sensitisation,
and plateau components of the Westheimer function. Due to the
upward shift at the excitatory centre, centre summation should
be enhanced, leading to an increase in threshold in the desensitisa-
tion portion of the function in the alcohol condition. Thresholds
would also be increased in the sensitisation and plateau portions
of the function, reﬂecting the decrease in surround inhibition.
Thus, the increase in detection thresholds in the desensitisation,
sensitisation, and plateau portions of the function we observed
here are consistent with a reduction in lateral inhibition as pre-
dicted by the DoG model.
We found no evidence that alcohol changes the size of percep-
tive ﬁelds under photopic conditions. No difference in the size of
the perceptive ﬁeld centre or surround was found between the
alcohol and non-alcohol conditions. Based on the threshold peak
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Fig. 3. Increment thresholds as a function of pedestal diameter for ethanol and no-
ethanol conditions under scotopic viewing. Error bars depict SEM.
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Fig. 4. Difference of gaussians (DoG) model. (A) Under normal conditions, receptive
ﬁeld (thick line), is constructed by convolving excitatory (thin line, top) and inhi-
bitory (thin line, bottom) gaussians. (B) In condition of reduced inhibition, ampli-
tude of inhibitory gaussian is reduced, resulting in upward shift in both excitatory
and inhibitory components of receptive ﬁeld (thick line). (C) Comparison of rece-
ptive ﬁelds predicted under normal and reduced inhibition conditions (labeled).
Note upward shift of excitatory portion of function in reduced inhibition condition
relative to normal suggesting enhanced excitation, in addition to upward shift of
inhibitory portion of function suggesting reduced inhibition.
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and plateau points, we estimated the size of the perceptive ﬁeld
centre and surround to be approximately 8 and 20 arc min, respec-
tively. These values are in close agreement with those obtained in
previous studies of the Westheimer function, which have typically
estimated the size of the perceptive ﬁeld centre to be between 5
and 9 arc min, and the surround to be between 15 and 40 arc min
in diameter (Matthews, 1971; Ransom-Hogg & Spillmann, 1980;
Westheimer, 1967; Wilson, 1984; Yu & Levi, 1997). This result is
inconsistent with a simple alcohol-induced reduction in inhibition;
such a reduction should be accompanied by an increase in percep-
tive ﬁeld centre size. One possible explanation for this ﬁnding is
that alcohol may alter the balance between excitatory (i.e. summa-
tion) and inhibitory processes. It seems plausible that the increased
thresholds we observed could be the result of a combination of de-
creased inhibition, which would generally enhance the centre re-
sponse, as well as a direct enhancement of summation within
the centre region caused by a speciﬁc pharmacological effect of
alcohol. Alcohol has been shown to have effects on both excitatory
glutamatergic (Nie, Madamba, & Siggins, 2000), and inhibitory
GABAergic (Ticku & Mehta, 1995) transmission. The net result of
alcohol-induced changes in the balance between these processes
may offset any shift in perceptive ﬁeld centre size. An alternative
explanation could be that alcohol simply acts to increase thresh-
olds globally, perhaps via a criterion shift. We feel that this is un-
likely given that thresholds were not consistently shifted upwards
at smaller pedestal diameters in the mesopic and scotopic condi-
tions, and the selective effects observed in other studies of alcohol
on visual function (Pearson & Timney, 1998, 1999; Roquelaure
et al., 1995; Virsu et al., 1973).
At mesopic levels, detection thresholds within the sensitisation
and plateau portions of the function were increased following alco-
hol consumption. Indeed, the sensitisation limb of the function was
almost entirely abolished following alcohol, indicating a large
reduction in inhibitory processing. This reduction of surround inhi-
bition supports the hypothesis that alcohol acts to reduce lateral
inhibition. We did observe a slight, though statistically non-signif-
icant increase in threshold in the desensitisation portion of the
function. Such a change would also be consistent with a reduction
in inhibition as predicted by the DoG model described above,
which predicts weaker inhibitory effects at the perceptive ﬁeld
centre, and larger effects in the surround inhibitory surround.
Perceptive ﬁeld centre size was found to be slightly increased
following alcohol consumption. Under non-alcohol conditions, per-
ceptive ﬁeld sizes for centre and surround were estimated to be 20
and 60 arc min, respectively. These estimates are similar to those
obtained by Oehler (1985), who estimated perceptive ﬁeld centre
size to be 15 min arc, and surround size to be 60 arc min, in both
macaque monkeys and humans at 5 in the periphery. In the alco-
hol condition, size of the perceptive ﬁeld centre increased to
40 arc min. An estimate of the size of the perceptive ﬁeld surround
was impossible to obtain, as the function ﬂattened out to such an
extent that no clear break between the sensitisation and plateau
segments could be found. This ﬁnding is consistent with DoG mod-
els of centre–surround interaction, which predict an increase in
centre size the absence of surround inhibition (Rodieck, 1965),
and again supports the view that alcohol attenuates inhibition un-
der mesopic conditions.
It was predicted that alcohol would have no effect on Westhei-
mer functions obtained under scotopic conditions. It has been
demonstrated that dark adaptation acts to attenuate lateral inhibi-
tion (Barlow et al., 1957; Ransom-Hogg & Spillmann, 1980). In the
Westheimer function, this attenuation is typically observed as a
ﬂattening of the function beyond the pedestal diameter at which
the peak in threshold is observed. The present experiment ob-
tained typical scotopic Westheimer functions, exhibiting strong
attenuation of the sensitisation component. We observed a small,
though non-signiﬁcant upward shift in thresholds following alco-
hol, in particular, for pedestal diameters larger than 20 arc min.
According to the DoGmodel, such a shift would be expected if alco-
hol acted to reduce lateral inhibition. Although inhibitory interac-
tions are strongly attenuated under scotopic conditions, human
psychophysical evidence (Ransom-Hogg & Spillmann, 1980), and
physiological studies in the cat (Enroth-Cugell & Lennie, 1975)
have suggested that some residual inhibition is present. Our own
ﬁnding of a slight decrease in threshold beyond the peak of the sco-
topic function is consistent with these ﬁndings. The small increases
in threshold we observed after alcohol in the scotopic condition
could be a result of reductions in such residual inhibition. In any
case, alcohol-induced changes in the Westheimer function were
smallest in this condition, a ﬁnding consistent with the reduced
lateral inhibition present under scotopic conditions. This ﬁnding
supports the notion that alcohol produces its effects on visual func-
tion via an effect on lateral inhibitory processes.
The ﬁndings of the present series of experiments support the no-
tion that alcohol acts to reduce lateral inhibition in human visual
processing. Taken together, theﬁndingsof thephotopic andmesopic
experiments suggest that alcohol increases increment thresholds in
theWestheimer function in amanner consistentwith an alcohol-in-
duced decrease in lateral inhibition. The scotopic experiment dem-
onstrated that alcohol produced minimal effects on the
Westheimer function under conditions at which lateral inhibition,
and thus alcohol, would be expected to produce only minor effects.
As we mentioned previously, alcohol has been shown to inter-
act with a number of neurotransmitters known to be involved in
visual processing including glutamate (Nie et al., 2000), GABA
(Ticku & Mehta, 1995), acetylcholine (Eckhardt et al., 1998), and
dopamine (Feldman, Meyer, & Quenzer, 1997). Glutamate and
GABA in particular have been implicated as being of great impor-
tance in centre–surround interactions (Awatramani & Slaughter,
2000; Cook &McReynolds, 1998). It seems plausible to suggest that
the psychophysical changes we observed here are a result of alco-
hol-induced changes in the balance between these processes. This
contention must remain speculative, however, as we know of no
studies that have directly investigated this link.
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